Introduction
============

Randomized controlled trials (RCTs) have demonstrated that psychological and pharmacological interventions are efficacious in the treatment of depression. While these therapies have generally indicated their usefulness, it is estimated that as many as 40-70% of patients either do not respond adequately or do not reach remission from use of these interventions.[@B01]-[@B03] This has led to an increased interest in understanding diverging treatment responses between patients, with personality factors being a prospective contributor to treatment responses.

Personality disorder (PD) refers to an individual's personality structure that precludes attainment of adaptive solutions to universal life tasks.[@B04] These experiences are reflected in disordered cognition, affectivity, interpersonal and occupational functioning, and impulse control.[@B05] PD has the potential to hinder therapeutic alliance[@B06] and adherence,[@B07] which are crucial determinants of treatment outcome. In one RCT for patients with major depressive disorder (MDD), therapeutic alliance was found to predict response to both placebo and antidepressant medication.[@B08] As such, appreciation of the potential influence of personality traits and pathology in depression may enhance treatment response.

Previous research has demonstrated that MDD is strongly associated with PD. It is estimated that ∼40-50% of inpatients and ∼30% of outpatients with depression also meet diagnostic criteria for at least one PD.[@B09]-[@B12] However, in a review, Corruble et al.[@B13] reported prevalence rates as high as 50-85% in outpatients where PD was measured using standardized interviews (e.g., the Structured Interview for DSM Personality Disorders \[SIDP\],[@B14] Personality Assessment Form \[PAF\],[@B15] and International Personality Disorder Exam \[IPDE\].[@B16]). The ancillary co-occurrence of PD leads to increased disease burden and number of lives lost due to disability in depression,[@B17] though research findings in this area are mixed. Mulder,[@B18] in a review, found that well designed studies (where treatment was controlled and randomly assigned and PD was assessed via structured clinical interview) did not show any significant difference in treatment outcome between those with comorbid PD and depression and those with depression only. Other studies[@B19],[@B20] have also reported no difference between individuals with or without PD. Conversely, in a meta-analysis, Newton-Howes et al.[@B21] concluded that the co-occurrence of PD and depression doubled the risk of poor outcome, which was independent of the depression measure used. The authors, however, did not report whether or not the tools used to measure PD were diagnostic, a factor that might be pertinent to the findings.

Other research suggests that PD contributes, at least partially, to the limited therapeutic efficacy of both psychological[@B22] and pharmacological[@B23] treatments in depression. For example, Tyrer et al.[@B24] reported that pharmacological therapy was more efficacious in patients with comorbid PD (measured by the Personality Assessment Schedule \[PAS\].[@B25]) and depression than psychological therapy, which had better outcomes for patients with depression alone. Levenson et al.[@B26] reported no significant difference between interpersonal therapy and escitalopram for patients who had unipolar depression and PD (measured by the Structured Clinical Interview for DSM Axis II Disorders \[SCID-II\].[@B27]). However, high dimensional scores of personality pathology were associated with longer time to remission, with borderline PD traits accounting for the majority of this effect.[@B26]

Understanding the relationship between PD and treatment response permits extrication of clinically relevant outcomes from distinctive interventions and treatment modalities. Additionally, investigating the possible effects of PD on depression may contribute to providing more targeted treatments, leading to better outcomes. To date, research has yielded mixed results, and this has largely been due to methodological insufficiencies. The current study is nested within the context of an RCT that assessed the therapeutic efficacy of adjunctive minocycline as a treatment for MDD. Briefly, the original study was a double-blind, placebo-controlled design, where participants were assigned to receive 200 mg day of adjunctive minocycline or matched placebo for 12-weeks, with a 16-week follow-up phase.[@B28] The results demonstrated no significant differences in depression scores on the Montgomery Asberg Depression Rating Scale (MADRS)[@B29] (primary outcome) between groups at week 12. Secondary outcomes, including measures of functioning and quality of life, however, demonstrated significant improvement in the adjunctive minocycline group at the end of the treatment and follow-up phases. Small to large effect sizes were observed, with the largest effect sizes seen in improvement in clinical impressions and general functioning.

The aim of this study was to determine whether PD predicts functional outcomes in a group of participants with MDD who participated in a double-blind, randomized, placebo-controlled trial. It was hypothesized that participants with comorbid PD and depression would have poorer functional outcomes compared to participants without comorbid PD.

Method
======

Study design
------------

Data were pooled from a double-blind, randomized, placebo-controlled 12-week trial evaluating the efficacy of 200 mg per day adjunctive minocycline for MDD.[@B28],[@B30] The original efficacy trial conformed to Good Clinical Practice (GCP) guidelines and was approved by the applicable human research and ethics committees. The study was registered in the Australian and New Zealand Clinical Trials registry: \#ACTRN12612000283875.

Participants
------------

Detailed characteristics of the sample have been described previously.[@B28],[@B30] Briefly, a total of 71 participants completed the 12-week trial, of which 47 were female (mean age \[M^age^\] 52.8, standard deviation \[SD\] 12.3 years) and 24 were male (M^age^ 47.8, SD 15.5 years), all of whom were included in this study. Participants were recruited across three sites, two in Victoria, Australia, and one in Bangkok, Thailand, via community advertisement and referral from private and public health sectors. All participants were outpatients and remained on treatment as usual. After informed consent was given, the participants attended clinical interviews every 2 to 4 weeks throughout the trial. A post-discontinuation interview was conducted 4-weeks post-treatment cessation. Eligibility was contingent on the DSM-IV criteria of the Mini International Neuropsychiatric Interview Plus (MINI-PLUS) 5; a baseline score of ≥ 25 on the MADRS; and if applicable, stable antidepressant treatment for at least 2 weeks prior to randomization. Participants were randomly assigned according to guidelines for the Consolidated Standards of Reporting Trials (CONSORT) by means of block permutations.

Study monitoring and safety
---------------------------

The participants' psychotropic medication use at baseline and follow-up visits were documented. Adverse events were documented and reviewed by the principal investigator. Treatment compliance was calculated via pill count and self-reporting. Inter-rater reliability was determined at 6-month intervals.

Outcome measures
----------------

PD was measured using the Standardized Assessment of Personality -- Abbreviated Scale (SAPAS), which was administered at week 4 (to decrease participant burden at the baseline interview). The SAPAS is a validated eight-item screening measure used to assess the presence of PD in clinical populations. Participants dichotomously indicate whether they endorse a personality item in general. Summed scores range from 0-8, with a cutoff of ≥ 3, indicating the presence of PD. The SAPAS has demonstrated moderate longer-term stability (test-retest intraclass correlation 0.58),[@B31] and good sensitivity (0.73) and specificity (0.85) with the SCID-II, with a total score of 3 correctly identifying PD in 90% of participants.[@B32] Subsequent validation studies have also shown utility in using a cutoff score of 3 as an indicator of the presence of PD in clinical populations, including patients with depression.[@B33]

Clinical impressions were measured with the Clinical Global Impression -- Improvement (CGI-I) scale.[@B34] The CGI-I is a seven item clinician-rated scale used to measure changes in illness presentation at the time of assessment, compared to the patient's presentation at baseline.

Functioning was assessed using both clinician-assessed and self-report measures. The Social and Occupational Functioning Scale (SOFAS)[@B35] is a 100-point clinician-rated tool used to measure a person's difficulty in social and occupational functioning. The SOFAS consists of 10 intervals and is scored by determining an individual's level of functioning in work and study, personal and social relationships, self-care, and disturbing and aggressive behavior. The Longitudinal Interval Follow-Up Evaluation-Range of Impaired Functioning Tool (LIFE-RIFT)[@B36] is a brief measure of functional impairment whereby clinicians determine the extent to which psychopathology specifically impairs functioning in four domains. The domains are comprised of work (i.e., employment, household activities, and studies), interpersonal relationships (i.e., spouse, children, and other relatives), life satisfaction, and recreation. Higher scores on each domain reflect greater impairment, and each domain is then summed to yield a total score.

Self-reported quality of life was measured using the Quality of Life Enjoyment and Satisfaction Questionnaire -- Short Form (Q-LES-Q-SF).[@B37] The Q-LES-Q-SF is a 16-item tool, where participants indicate how satisfied they are with their areas of life functioning on a five-point scale, which ranges from very poor to very good. The first 14 items of the Q-LES-Q-SF are summed to yield a total raw score, with the final two items being stand-alone scores.

Statistical analysis
--------------------

All statistical analyses were performed using SPSS version 24. Analyses were conducted on randomized participants who had completed at least one post-baseline interview (modified intention-to-treat protocol). Statistical threshold was set at the 95% confidence level. Baseline characteristics were compared using *t*-test and chi-square test analyses. To examine the impact of PD on outcome measures (i.e., CGI-I, Q-LES-Q-SF, SOFAS, and LIFE-RIFT), time by treatment interactions were examined in a model that comprised the fixed categorical effects of PD, treatment, and PD by treatment interaction.

Analysis of covariance (ANCOVA) was completed to examine the impact of PD (both as a dichotomized factor or a continuous measure) on outcome measures-treatment group correlation. The mediator variable was personality (i.e., PD or not, or continuous SAPAS score) and the independent variable was treatment allocation (i.e., minocycline or placebo). Each outcome measure was explored as the change from baseline to week 12 (i.e., CGI-I, LIFE-RIFT, SOFAS, Q-LES-Q-SF). Two-way interaction of PD and treatment allocation was tested for, examining the effect modification of PD status or personality score, in addition main effect of PD status or personality score was tested as modifier non-specified predictor. Effect sizes were also examined for each analysis.

Results
=======

A total of 69% of the sample met criteria for PD (M = 3.44, SD = 1.90). Baseline demographic characteristics of participants with and without PD are shown in [Table 1](#t01){ref-type="table"}. Those with a PD were more likely have a self-reported psychiatric comorbidity and past history of dysthymia; otherwise the groups were similar in regards to age, sex, treatment allocation, psychiatric history, self-reported psychiatric comorbidity, medication use, and baseline symptom status and functioning. [Table 2](#t02){ref-type="table"} shows the endorsement of each SAPAS item. No significant differences were found for MADRS responders (defined by ≥ 50% reduction in scores from baseline to week 12; p = 0.35) and remitters (defined by MADRS week 12 score of \< 7; p = 0.14) according to patients with PD (responders 37.8%; remitters 18.9%) and without PD (responders 40%; remitters 16.7%). After adjusting for age, sex, and baseline outcome measure scores, there was no significant difference between participants with and without PD in week 12 scores ([Table 3](#t03){ref-type="table"}) for CGI-I (F~1,53~ = 0.30, p = 0.59, partial eta squared = 0.01); LIFE-RIFT (F~1,53~ = 0.05, p = 0.83, partial eta squared = \< 0.001); SOFAS (F~1,53~ = 0.01, p = 0.94, partial eta squared = \< 0.001); Q-LES-Q-SF: (F~1,66~ = 0.01, p = 0.95, partial eta squared = \< 0.001). Additionally, no significant difference was found when PD was entered as a continuous covariate into the analysis: CGI-I (F~1,53~ = 1.17, p = 0.28, partial eta squared = 0.02); LIFE-RIFT (F~1,53~ = 0.06, p = 0.81, partial eta squared = \< 0.001); SOFAS (F~1,53~ = 0.09, p = 0.76, partial eta squared = \< 0.001); Q-LES-Q-SF (F~1,66~ = 0.15, p = 0.70, partial eta squared = \< 0.001).

Discussion
==========

In this nested study, PD, as measured by the SAPAS, was a common comorbidity in this sample of participants with depression. It was found that PD was not a significant predictor of functional outcomes. Thus, functional outcomes were not differently experienced by those with comorbid PD.

To date, relatively few RCTs have considered the influence of PD on the relationship between depression, the intervention being assessed, and associated outcomes. Comparable to our findings, in a systematic review examining the relationship between personality (traits and disorder), depression, and treatment outcomes, Mulder[@B18] also found no difference between those with or without co-occurring PD. Robustly designed studies, which included assessment of PD using structured clinical interviews (e.g., SIDP, SCID, and IPDE) and either controlled for standard treatment or randomly assigned participants to treatment groups, did not show any significant difference in treatment outcome between individuals with or without PD. However, studies that used less robust methods to measure PD (e.g., clinician-rated assessments and interview-informant standardized interviews) yielded mixed results, with some studies reporting individuals with PD traits have a reduced likelihood to respond to treatment and that treatment responders had fewer PD traits. Methodological differences between these studies did not allow meta-analysis.[@B18] While there are important differences between this study and the aforementioned findings, namely that PD was determined using a brief screening tool, MDD was assessed with the aid of structured clinical interviews, and functional outcomes were the primary objective of the current study, in line with the findings of Mulder.[@B18] Additionally, the current findings are akin to those put forward by Kool et al.,[@B19] who, in a meta-analysis of RCTs, found that comorbid PD (measured via validated, structured interview) did not negatively affect pharmacological treatment outcome.

The prevalence of PD was common in this sample of participants with depression, with 69% of the sample having a comorbid PD. This result is comparable to what has been reported in other studies. For instance, Hasin et al.,[@B09] in a national community-based sample of adult residents in the United States, found that the 12-month prevalence rate of PD (measured by structured diagnostic interview) was 37.9%. Unger et al.,[@B11] in an inpatient sample, found that PD prevalence, assessed by the SCID-II, was 40.5%. Zimmerman et al.[@B12] reported prevalence rates of 45.5% in an outpatient sample measured by the SIDP-IV. Given the common comorbidity reported, PD may play a role, if not in relation to functional or treatment outcome, then potentially for other areas which affect treatment, such as therapeutic alliance, disease progression, recurrence, or requirement for adjunctive therapies.[@B26]

Previous research[@B38],[@B39] has identified that successful treatment of depression is related to improvement in measures of PD. This may be an important confounder of the current study, as these data were not collected. In particular, depression may exacerbate or unmask overt PD features, and thus lend itself to high rates of co-occurring PD. Systematic inflammation may also play a role in the pathogenesis of PD. For example, Osimo et al.[@B40] found that the prevalence rate of low-grade systematic inflammation (serum C reactive protein \[CRP\] level \> 3 mg/L) was 42% in an inpatient sample. Wium-Andersen et al.,[@B41] in a large community based sample, found that increasing CRP levels (1.01-3.00, 3.01-10.00, and \> 10.00 mg/L) were associated with increased risk of depression and psychological distress. Although examination of inflammatory markers was beyond the scope of the current study, it may be that the similarity in psychiatric profiles between participants with and without PD reflects comparable inflammatory profiles, and thus did not yield a significant difference in measures of functioning.

The most frequently endorsed SAPAS items in the current study are noteworthy. Specifically, "Are you normally a worrier?," "Would you normally describe yourself as a loner?," and "In general are you a perfectionist?." These items appear to be representative of individuals with cluster C PD (i.e., avoidant, dependent, obsessive-compulsive). The DSM-5 denotes that individuals with cluster C PD may appear anxious or fearful.[@B05] In particular, individuals with avoidant PD are described as displaying patterns of social inhibition and hypersensitivity to negative evaluation; those with dependent PD have difficulty making everyday decisions and require excessive advice and reassurance from others; and individuals with obsessive-compulsive PD display preoccupation with perfectionism, orderliness, and mental and interpersonal control.[@B41] Previous literature has identified that those with cluster C PD and depression experience worse pre-treatment functioning[@B42] and depression severity[@B43] than patients with depression alone.

Furthermore, there is evidence to suggest that patients with cluster C PD are considerably more likely to seek treatment than individuals with cluster A (i.e., paranoid, schizoid, schizotypal; who typically reject treatment), or cluster B (i.e., antisocial, histrionic, borderline, narcissistic; who display both treatment seeking and rejecting qualities) PD.[@B44],[@B45] However, those with cluster C PD often seek treatment for the comorbid psychiatric condition/s, in which their underlying PD has not previously been diagnosed or treated, eventually leading to recurrence of the additional psychiatric condition.[@B46] Given that the RCT in the current study was adjunctive to treatment as usual, participants are likely to be patients who endure recurrent episodes of MDD and participate in RCTs to pursue the potential of improved wellbeing. As such, the high prevalence but non-significant results may reflect an over-representation of participants with cluster C PD (who function adequately, but experience considerable personal distress), and thus seek additional psychiatric treatment (in this case, adjunctive treatment for MDD).

The current study is not without limitations. Firstly, PD was measured via screening assessment, rather than structured clinical interview. This assessment method did not allow for the breakdown of specific PDs, which may have provided useful information pertinent to the current findings. It is likely that this study captured participants of the cluster C PD category and was under-represented by patients with cluster A or B PDs. Moreover, PD was measured at one time-point only. As such, it is not known if endorsement of PD items changed over time in accordance with improvement in functioning. However, previous literature has identified that PD has high diagnostic stability over time.[@B47],[@B48] Secondly, the primary efficacy study was not significant even though key secondary outcomes were positive. As such, differences between treatment outcomes for participants with and without PD could not be robustly ascertained, and this would limit the capacity to detect mediators of response. Thirdly, the sample size of the original RCT offered limited power to deduce definitive assertions about the primary outcome. Finally, multiple comparisons were not corrected for, which may have increased the chances of type 1 error.

Notwithstanding these limitations, this study provides useful data on the prevalence of PD in patients with co-occurring MDD. Historically, it has been commonplace for RCT designs to either exclude patients with PD or omit the measurement of PD entirely, despite the high comorbidity of these disorders. These data show that although PD was highly prevalent in this sample, PD did not appear to have any clear effect on the functional outcomes that were assessed. To clarify the effect on functional outcomes, future studies should assess the presence and impact of patients with PD. Moreover, the clinical implications of these data suggest that patients with PD may be treated by minocycline in the same way as patients without PD, though the efficacy of minocycline in the treatment of depression warrants further investigation. In summary, the current study adds to the lack of evidence pertaining to the functional outcomes of PD in patients with MDD in an RCT setting.
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###### Baseline demographic characteristics of participants with and without PD

                                                                                          PD (n=49)     No PD (n=22)   p-value
  --------------------------------------------------------------------------------------- ------------- -------------- ----------
  Age, mean (SD)                                                                          50.2 (15.0)   47.8 (14.2)    0.67
  Female, n (%)                                                                           31 (66.0)     16 (34.0)      0.44
  BMI, mean (SD)                                                                          28.0 (5.2)    25.9 (5.6)     0.13
  Treatment allocation (randomized to minocycline group), n (%)                           24 (48.9)     25 (51.0)      0.66
  Psychiatric history                                                                                                  
      Duration of illness (years since depression diagnosis), mean (SD)                   13.5 (12.1)   15.1 (13.7)    0.27
      Depression symptom onset (years), mean (SD)                                         25.0 (14.0)   29.0 (14.9)    0.28
      Number of hospitalizations, mean (SD)                                               0.51 (1.34)   1.32 (2.1)     0.15
      Number of depressive episodes, median (range)[\*](#TFN02t01){ref-type="table-fn"}   1.0 (1-5)     2.0 (1-5)      0.28
      Suicide attempts, n (%)                                                             18 (36.7)     9 (40.1)       0.74
  Psychiatric comorbidity (self-report), n (%)                                            33 (67.3)     8 (36.4)       **0.02**
  Psychiatric comorbidity (MINI-5), n (%)                                                                              
      MDE current                                                                         49 (100.0)    22 (100.0)     \-
      MDE past                                                                            46 (93.9)     19 (86.4)      0.29
      MDD with melancholia                                                                35 (71.4)     17 (77.3)      0.61
      Dysthymia current                                                                   12 (24.5)     4 (18.2)       0.56
      Dysthymia past                                                                      27 (55.1)     6 (27.3)       **0.03**
      Suicidality risk (total) -- current                                                 28 (57.1)     14 (63.6)      0.61
      Anxiety disorders (pooled) -- current[†](#TFN03t01){ref-type="table-fn"}            30 (61.2)     11 (50.0)      0.38
      Alcohol dependence (pooled)[‡](#TFN04t01){ref-type="table-fn"}                      8 (16.3)      5 (22.7)       0.55
      Alcohol abuse (pooled)[§](#TFN05t01){ref-type="table-fn"}                           3 (6.1)       5 (22.7)       0.25
      Substance use (pooled)[\|\|](#TFN06t01){ref-type="table-fn"}                        1 (2.0)       0 (0.0)        0.50
  Baseline medications (yes/no), n (%)                                                                                 
      Antidepressant                                                                      46 (93.8)     18 (81.8)      0.12
      Complimentary                                                                       25 (51.0)     10 (45.5)      0.66
      Benzodiazepines                                                                     16 (32.7)     7 (31.8)       0.95
      Antipsychotic                                                                       10 (20.4)     2 (9.1)        0.24
      Pain                                                                                10 (20.4)     3 (13.6)       0.50
      Mood stabilizer                                                                     4 (8.2)       3 (13.6)       0.47
      Other                                                                               30 (61.2)     13 (59.1)      0.87
  Baseline symptom status and functioning, mean (SD)                                                                   
      MADRS                                                                               31.4 (4.0)    31.5 (5.0)     0.67
      CGI-I (from week 2)                                                                 4.6 (0.76)    4\. (0.83)     0.50
      LIFE-RIFT                                                                           14.1 (2.9)    13.8 (2.42)    0.67
      SOFAS                                                                               57.2 (10.1)   57.1 (9.17)    0.70
      Q-LES-Q-SF                                                                          41.6 (13.1)   40.5 (11.2)    0.75

BMI = body mass index; CGI-I = Clinical Global Impression -- Improvement; GAD = generalized anxiety disorder; LIFE-RIFT = Range of Impaired Functioning Tool; MADRS = Montgomery-Åsberg Depression Rating Scale; MDD = major depressive disorder; MDE = major depressive episode; MINI-5 = Mini International Psychiatric Interview; OCD = obsessive-compulsive disorder; PD = personality disorder; Q-LES-Q-SF = Quality of Life and Enjoyment Satisfaction Questionnaire -- Short Form; SD = standard deviation; SOFAS = Social and Occupational Functioning Scale.

Category 1 = 1-5; category 2 = 5-10 previous depressive episodes.

Pooled anxiety disorders include: agoraphobia with/without history of panic disorder/without history of limited symptom attacks, social anxiety disorder, OCD, OCD due to a general medical condition, substance induced OCD, post-traumatic stress disorder, GAD, GAD due to general medical condition, substance-induced GAD.

Pooled alcohol dependence includes: current and past dependence.

Pooled alcohol abuse includes: current and past abuse.

Pooled substance use includes: current and lifetime dependence.

###### Frequency of Standardized Assessment of Personality -- Abbreviated Scale (SAPAS) item endorsement

  SAPAS item                                                                  
  --------------------------------------------------------------------------- -----------
  In general do you have difficulty making and keeping friends?               34 (13.9)
  Would you normally describe yourself as a loner?                            39 (16.0)
  In general do you trust other people?[\*](#TFN02t02){ref-type="table-fn"}   26 (10.7)
  Do you normally lose your temper easily?                                    18 (7.4)
  Are you normally an impulsive sort of person?                               24 (10.0)
  Are you normally a worrier?                                                 54 (22.1)
  In general, do you depend on others a lot?                                  12 (4.9)
  In general, are you a perfectionist?                                        37 (15.2)

Data presented as n (%) based on 244 endorsed items.

Reverse coded.

###### Outcome measures at week 12 based on analysis of covariance (n=71)

               Minocycline     Placebo                                                                                                        
  ------------ --------------- --------- --------------- ---- --------------- ---- --------------- ---- -------- ------ ------ ------- ------ ------
  MADRS        14.42 (8.90)    19        20.38 (11.86)   8    18.86 (9.77)    22   20.56 (12.55)   9    219.76   2.23   0.14   14.16   0.14   0.71
  CGI-I        2.50 (1.41)     8         2.25 (1.21)     20   3.56 (1.42)     9    2.90 (1.21)     20   0.49     0.30   0.59   1.87    1.17   0.28
  LIFE-RIFT    11.00 (4.81)    8         10.30 (2.94)    20   12.56 (3.53)    9    12.33 (3.81)    21   0.50     0.05   0.83   0.57    0.06   0.81
  SOFAS        69.00 (17.58)   8         68.70 (11.26)   20   62.78 (16.21)   9    65.05 (14.52)   21   0.66     0.01   0.94   12.00   0.09   0.76
  Q-LES-Q-SF   37.00 (31.92)   12        42.83 (23.66)   24   38.10 (21.36)   10   41.44 (23.83)   35   2.69     0.01   0.95   83.33   0.15   .070

CGI-I = Clinical Global Impression -- Improvement; LIFE-RIFT = Range of Impaired Functioning Tool; MADRS = Montgomery-Åsberg Depression Rating Scale; PD = personality disorder; Q-LES-Q-SF = Quality of Life and Enjoyment Satisfaction Questionnaire -- Short Form; SD = standard deviation; SOFAS = Social and Occupational Functioning Scale.
